	mass (kg)
	F=mg (N)
	Time/rev (s)
	ω=2π/Δt (rad/s)
	νT= ωr (m/s)

	.0212 (rejected)
	.2078
	.5998
	10.4755
	4.3997 / 5.23775

	.0323 
	.3165
	.743
	8.456
	4.228

	.0629
	.6159
	.5263
	11.9384
	5.9692

	.044
	.4314
	.6011
	10.4528
	5.2264

	.056
	.5488
	.5053
	11.4129
	5.70645


Purpose:


Your challenge is to design an experiment that will establish the relationship between centripetal force and angular velocity.  Decide what data should be collected and graphed in order to assist in your development of a mathematical model to describe the relationship.
Materials:


Hollow tube


String 


Rubber stop


Weights (washers)


Tape


Meter stick


Plastic stopper (like what would be on a drawstring)


Timer

Procedure:


Experiment:

Get an arbitrary amount of weights and mass them along with the plastic stopper.  Record the mass.

Tie a knot to the rubber stop (using boy scout tricks) to reduce the amount of friction  caused by string contacting the hollow tube.

Thread the string through the hollow tube, put the weights on the string, and attach a plastic stopper to make sure that the weights will not fall.

Measure the distance between the top of the hollow tube to the end of the rubber stop, making it 50 cm.  Attach tape right above the hollow tube to provide a visual marker.

Get out the timer.  Spin the stopper above your head horizontally.  Make sure to let go of the string.  Once the radius of the string is a constant 50 cm, start timing and counting the number of revolutions.  Allow it to revolve at least 10 times.  Record the number of revolutions per second.

Get multiple data points with different arbitrary weights and record the data.

Math:

Mass * 9.8 m/s = Force

Time/revolutions = Δt

2π/Δt = ω

νT= ωr

Plot the Force vs the tangential velocity on a graph.  Find outliers and remove them from the graph.  Find the best fit line.

Data:

	mass (kg)
	F=mg (N)
	Time/rev (s)
	ω=2π/Δt (rad/s)
	νT= ωr (m/s)

	.0212 (rejected)
	.2078
	.5998
	10.4755
	4.3997 / 5.23775

	.0323 
	.3165
	.743
	8.456
	4.228

	.0629
	.6159
	.5263
	11.9384
	5.9692

	.044
	.4314
	.6011
	10.4528
	5.2264

	.056
	.5488
	.5053
	11.4129
	5.70645


Data Analysis: 
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F = .01746v^2 -.004417v +.001184

Conclusion:

The relationship that we determined between force and velocity is F = .01746v^2 -.004417v +.001184.  This is with a roughly 50 cm radius.  The general equation relating force and velocity should be quadratic, but we must assume that the coefficients will be different for separate radii.   There is tremendous error in our experiment.  We have five lab groups who each found one data point.  This introduces extra error because each group had different materials: tubes with different extents of decay, introducing varied friction; each group had a slightly different method of swinging the weights; each group might have a differed radius when swinging the weights.  Even individually these things are problematic.  As the weights spin, sometimes the nylon string catches on the hollow tube, causing the system to have a hiccup and behave differently.  The timer is not exact; we have to eyeball when the revolutions begin and end, and there is delay between what we see with our eyes and clicking with your fingers.  Our data points did not fit together well, and I had to omit a data point in order to have a semblance of order on the graph.  Logger Pro also admits the error between the data we collected and the line that best fits it.

